Abstract. In the context of brane universe scenario we study the cosmological evolution of the model proposed by Dvali, Gabadadze and Porrati in the case when there is not symmetry due to the interaction of the brane universe with a Ramond-Ramond field. We find the corresponding Friedmann equation and analyze the evolution of the scale factor for two branches that exist in the model. Furthermore, we find the restrictions on the cosmological parameters in order to obtain a behavior of the scale factor that could describe the evolution of our universe.
INTRODUCTION
The brane world scenario has been an active research area in the last years because it gives several alternatives to address the problem of dark energy-matter in a novel way.
In the brane world scenario the universe is considered as a 4-dimensional hypersurface embedded in a higher dimensional spacetime. This kind of models, where the ordinary matter is trapped on the hypersurface but gravity is present on the extradimensions, was motivated in string theory in the aim of resolving the hierarchy problem.
In the brane universe proposals the gravity on the membrane can be recovered by compactifying the extra dimensions [1] or by introducing an anti de Sitter (AdS) background space-time [2] . Dvali, Gabadadze and Porrati (DGP) [3] showed that, even in a Minkowski background space, the 4-dimensional gravity can be recovered if includes an intrinsic curvature term in the brane world action. The original DGP model has symmetry under reflections with respect to the brane and gravity has a 4-dimensional behavior on scales smaller than a scale constructed with the Planck constants in 4 and 5 dimensions. At scales larger than this scale gravity has a 5-dimensional behavior [4, 5] . The symmetry is not the only possibility, several articles have focused on non-symmetric cases [6, 7, 8] . In particular, it has been considered the coupling of a 4-form with the brane [9] . In the very interesting paper of Teiltelboim and Brown [10] , it is treated the creation of 3-dimensional membranes by an antisymmetric field generalizing the Schwinger process of pair creation by the presence of an electric field. In [11] it was developed the creation of a 4-dimensional membrane, corresponding to our universe, by the presence of a 4-form RamondRamond field whose existence may be motivated by string theory.
In this paper we study the evolution of the scale factor of the model proposed in [11] , and find the constraints of the cosmological parameters in order to get cosmologies that are consistent with our universe.
THE DGP MODEL
The effective action of the DGP model consists of two parts, one describing a 4-dimensional brane and another describing the 5-dimensional background spacetime. The brane has the embedding functions where are the coordinates of background spacetime and are the coordinates in the word volume. We consider the following action (1) where , are the matter Lagrangians for the bulk and the brane respectively. , are the Ricci scalar in 5 and 4 dimensions, , where and are the Planck masses in 4 and 5 dimensions, and are the determinants of the background space-time and the induced metric on the brane respectively. The equations of motion for the brane are [7] , ,
where is the extrinsic curvature of the brane, denotes the normal vector of the world volume, is the tangent vector to the world volume, where is the covariant derivative compatible with , and are the projections of energymomentum tensor of the background. The effective energy-momentum tensor is where is the energy-momentum tensor of the brane. The square and angular brackets represent the difference and the average of the corresponding bracketed quantity, on the two sides of the brane, respectively, i.e. and , where '+' and '-' indicates that these quantities are evaluated on one side and another of the brane. The line element of the induced metric on the world sheet is given by (3) where and , is the cosmological constant and the black hole masses on both sides of the brane. If we now define the cosmic time gauge is reduced to . The perfect fluid energy tensor for the brane is where and ρ are pressure and energy density.
In this case we can obtain two independent equations from equation (2) are ,
The last two equations described completely the evolution of this universe.
MODEL WITH RAMOND-RAMOND FIELD
We now assume that . The evolution equation for the scale factor is ,
and we have defined and . Taking into account the following limits , , and considering that α is a constant different from zero, we can expand the left side of the equation to rewrite it in the form .
The above process of limit is equivalent to introduce a Ramond-Ramond field interacting with the spherical brane in the case when the gravitational effect on the background space is negligible [11] . The action corresponding to the interaction of the brane Ramond-Ramond field is (7) Using the standard form for the definitions of the cosmological parameters
where the subscript zero indicates that we have evaluated the quantity considered at the present time , we find that (6) can be rewritten as ,
and we set . Last equation can be written in the form of the Friedmann equation ,
where satisfies .
The corresponding normalization condition for the cosmological parameters are obtained by evaluating (9) at the current time .
In order to obtain the behavior of the scale factor, we rewrite (10) in the form ,
where we can make a classical mechanics analysis of a particle with a zero energy in the potential . Now, we are going to present our results. In Figure 1 the dotted line corresponds to a universe with a Big Crunch. A universe with a Big Bounce can be described by the potential with a dashed line. The continuous line represents a universe that expands forever and it is called Big Chill.
In the case of k> 0, we have always Ω c <0, then it must be considered the values of and compatible with Ω c . Figure 1 shows 3 regions, divided by shades of gray depending on the number of possible real negative roots of : black region does not have any, obscure grey has one and light grey has two.
The behavior of the potential is determined by its zeros, i.e. the positive real roots of the equation:
.
(14) Figure 2 shows the regions where (14) has positive real roots for different values of Ω c calculated from (12). The evolution of this universe can be divided in three regions with the following properties: black region corresponds to Big Bounce, light gray corresponds to Big Chill and dark gray corresponds to Big Crunch. The white region is not allowed for values of Ωα and Ω m0 compatibles with a closed universe. FIGURE 2. a) Branch using Ω c0 from one root of (12). b) Branch using Ω c0 from other root of (12)
CONCLUSIONS
The cosmological model of a 4-dimensional brane universe interacting with a Ramond-Ramond field has three different fates for this universe corresponding to the Big Crunch, Big Chill and Big Bounce. For Ω α > 0, we have Big Crunch, while for Ω α <0 we have Big Chill or Big Bounce. Taking the value of Ω m0 = 0.3, which is the accepted value for the matter density parameter, Figure 2 .a) shows that the universe has a Big Bounce which is not consistent with the current observations, this suggests that in order to have this kind of universe compatible with the observations.
